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ﬁATIONAL ADVISORY COMMITTEE FOR AEBONAUTICS

FESEARCH MEMORARDUM

ATTTTUDE -CHAMBER PERFORMANCE OF BRITISH
ROLIS-ROYCE RENE II ENGIKE ' ~
II - 18.41-INCH-DIAMETER JET NOZZLE

By J. C. Armatrong, H. D. Wilated
and K. R. Vincent

SUMMARY

An altitude~chamber investigation wee conducted to determine
the altitude performance characteristics of the British Rolls-
Royce Nene IT turbojet engine wlth an 18.41-inch-dlameter Jet
nozzle. Results are presented for simlated altitudes from sea
level to 80,000 feet and for ram-pressure ratics from 1.00 to
3.50 (corresponding to flight Mach numbers from O to 1.47, assum- l
ing 100-percent ram-pressure recovery).

Typical performance-~data plots are presented to show graphil-
cally the effects of altitude and flight ram-pressure ratio. Con-
ventional correctlon methods were applied to the data to determine
the poesiblility of genmeralizing each performance parameter to a
single curve. A complete tebulation of corrected end uncorrected
engine-performance parameters is presented. A comparison of per-
formance with the 18.75- and 18.41-inch-diameter Jet nozzles is
made to show the effect of small changes in nozzle size under
simlated~flight condltions.

The investigation showed that engine performance obtained at
one altitude counld not be used to predict performance at other _
altitudes for altitudes above 20,000 feet. Performance at or below
20,000 feet could, however, be.predlcted from sea-level data or
data obtained at any altituwde in this range for any particular
ram-pressure ratio. For varying ram-pressure ratlos, performance
can be predicted from other rem-pressure-ratio data only for con-
ditions for which critical flow exists in the jet nozzle.

In comparison with the standard 18,75-1nch-dlameter jet nozzle,

the 18.4Y-inch-diameter nozzle geve scmewhat lower values of neb-
thrust speclfic fuel consumption at engine speeds below 11,000 rpm
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at a simlated altitude of 30,000 feet and a ram-pressure ratio of
1.30. Above 11,000 rpm this trend was reversed. Jet thrust, net
thrust, fuel consumption, and tail-plpe Indicated gas temperature
generelly increased when the smeller nozzle was used.

INTRODUCTION

Because the British Rolls-Royce Nene II engine is different in
degign from simlilar United States turbojet engines and has a high
sea~-level rating, the Nene englne was Iinvestigated in an altitude
chamber at the NACA Lewls lsboratory during 1948.

The effect on sltltude performence of & smell change 1n jJet-
nozzle size 1is of interest, particulerly with reference to engilne
specific fuel consumption, because aircraft renge is dlrectly
effected. At altitvde, a Jet nozzle smaller than standard can be
used at cruise condltions wlthout exceeding ellowable temperatures;
et a glven flight condltion, & smaller jet nozzle should give
higher thrust and peasibly lower specific fuel consumption.

In order to determine the change In altitude performance
resulting from & small change in jet-nozzle slze, three different
Jet-nozzle diameters (18.75, 18.41, and 18.00 in.) were used in
this lnvestigation of the Nene IT engine.

The effects of eltitude and flight speed on the over-all engine
performance using the stendard 18.75-inch-~diameter jet nozzle are
presented in reference 1. The over-all engine performance using an
18.41-inch-dlameter Jet nozzle is presented herein. Results are
presented for simlated-flight condltions vearying in altitude from
seg level to 60,000 feet and in ram-pressure ratio from 1.00 to
3.50. These ram-pressure ratios correspond to flight Mach numbers
from O to 1.47, assumlng 100-percent ram-pressure recovery. The
conventionel method of reducing data to sea-level condltionms
(reference 2) was used to determine whether the performance
parameters could be geéneralized to a single -curve; that 18, whether
data obtained at one aititude and ram-pressure ratio can be used to
predict performance at other conditions of altitude and ram-pressure
ratio. Also, a comparison of engine performance with these two
different Jet-nozzle dlameters 1s presented for a simlated-flight
condition of 30,000 feet at a rem-pressure ratlo of 1.30.
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DESCRIPTION OF POWER FPLANT

A cutaway view of the British Rolls-Royce Nene IT power plent,
which 1s a through-flow turbojet engine having nine combustion

. chembers, 1s shown in figure 1. The engine incorporates & single-

stage double-entry centrifugel compressor (tip dlameter, 28.80 in.)
driven by a single-gstage reaction turbine (tip diameter, 24.53 in.).
The  turblne-nozzle ares 1s 126 square inches and the standard Jet-
nozzle srea is 278 sguare inches. The dry engine weight is approxi-
mately 1720 pounds (starting panel and generator included) and the
maximm diameter (cold) is 49.50 inches, giving an effective frontal
area of 13.36 square feet.

The sea-level engine performance (reference 3), based on Rolls-
Royce static test-bed data with the standard 18,75-inch-dismeter
Jet nozzle, 1s:

Rating Jet thrust Engine gpeed Specific fuel
(1v) © (rpm) consumption
(1v/(hr) (1b thrust))
Teke~of f 5000 12,250 1.04
Military 5000 12,250 1.04
Max. cruise 4000 |- 11,500 1.0z
Idle 120 2,600 ———-

From these values it can be seen that the rated military thrust
per unlt weight of engine 1s 2.91 pounds thrust per poumd weighti,
and the rated military thrust per unit of frontal area is 374 pounds
thrust per square foot. The maximim allowable teil-cone gas tempera-
ture is 1365° F with the standard 18.75-inch-dlameter jet nozzle.

A pea-level acceptance run of the engline with minimim research
instrumentation instelled showed & thrust of 5110 pounds and a
specific fuel consumption of 1.01 pounds per hour per pound of thrust
at an engine speed of 12,261 rpm.

APPARATUS AND PROCEDURE
Altltude Test Chamber
The engine was lnstalled in an altitude test chamber 10 feet
in dlameter and 60 feet long {schematicelly shown in fig. 2). The

inlet section of the chember (surrounding the engine) was separated
from the exhaust sectlon by a steel bulkhead; the engine tail plpe
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paesed through the bulkhead by means of a low-friction seal. The p
seal was composed of three floating asbestos-board rings so mounted
on the tall pipe as to allow thermsl expansion in both radial and
axial directions, aes well as a reascnable amount of lateral
movement to prevent binding.
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Engine thrust was measured by a balanced-pressure-dlaphragm-
type thrust indicator outside the test chamber, connected by a
linkage to the frame on which the engine was mounted in the chamber.

An A.S.M.E. type flat-plate orifice mounted in a straight run
of 42-inch-diameter pipe at the approach to the test chamber was
provided for measuring engine air consumptlion. Because of the
large varlation in atmospheric conditions investigated, however,
considerable difficulty was encountered with condensation In the
orifice differentlal~pressure lines despite repeated attempts to
remedy the situation. The engine alr consumption was therefore
calculated from engline pressure and temperature measurements 1n the
tall pilpe, as described in the appendlx.

The ram-alr pressure was controlled by a maln, electrically
operated butterfly valve in the 42-inch air-supply line, bypassed
by a 1l2-inch, pneumatically operated V-port valve. Air was sup-
plied by either a combustion-air (moist, room-temperature) system
or a refrigerated-air (dry, cooled) system at temperatures near
those desired. Flnal control of alr temperature was accomplished
by means of & set of electric heaters In the bypass line immedistely
preceding the entrance to the test chamber. The air entered the
test chamber, passed through a set of straightening vanes, and then
entered the engine cowl. The purpose of the cowl was to prevent
circulation of heated alr from the region of the tall pipe and
combustion chambers directly into the aft inlet of the compressor.
This heated alr was therefore mixed with the cooler alr supply
before entering the compressor.

The exhaust Jet was dilscharged into a diffusing elbow mounted
in the exhaust section of the chamber. This elbow ducted the gases
into a dry-type primary cooler. Control of the exhaust pressure
wag obtalned by means of a main, electrically operated butterfly
valve, bypassed by a 20-inch, pneumatically operated butterfly
valve. The gases then peassed through a dry-type secondary cooler
and thence into the system exhausters.
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Instrumentation

Compressor~inlet temperature and total pressure were measured
by elght probes, each consisting of an iron-constantan thermocouple
and a total-pressure tube. Four probes were equally spaced around
the periphery of the front compressor-inlet soreen, and Ffour around
the back screen, (station 2, fig. 3). Control of ram pressure and
temperature was based on the averaged readings of the eight probes.
Compressor-discharge pressures were measured at the exit of
compressor-discharge elbows 1, 4, and 7 by seven total-pressure
tubes in each elbow.

Engine tall-pipe temperatures at station 6 were measured by
means of 25 chromel-alumel, stagnation-type thermocouples located
ir an Instrument ring. The Ilnstrument ring also lncluded 24 total-
pressure probes, 14 static-pressure probes, and 4 wall static-
pressure taps. (See fig. 4, reference l.) Thils instrumentation
was located approximately 18 Inches downstream of the tall come.

In addition, four Nene engine standard tail-cone thermocouples
supplied by Rolls~Royce Ltd. were mounted in the tall cone and were
used for engine-control purposes.

All pressurses, including the thrust-indicator-dlaphragm pres-
gure, were instanteneously recorded by photographing the manometer
panel. Temperatures were recorded by two self-balanclng, scanning
potentliometers, which required about 3 mlnutes to record all engine
temperatures. Pressure and temperature lnstrumentetion was also
located at other statlons throughout the englne; measurements fram
thls instrumentation are not reported.

Engine speed was measured by means of an lmpulse counter,
which operated on the freguency of an altermating-current three-
phase generstor mounted on the accessory case of the engine. Actlon
of the counter and the timer was synchronized by a single
mechanism.

Fuel consumption was measured by & calibrated varleble-srea-
orifice flow meter, which allowed near full-scale readings for
various ranges of fuel flow by changing the orifice flow ares.

With the exception of air consumption, performence data were
generally reproducible within 2 percent. Alr-consumption data
scattered appreciably at hlgh englne speeds and was reproducible
only to wilthin 5 percent with a few points showlng even greater
scatter.
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Procedure ’ .

Performance characteristice of the engine were obtained over
a range of engline speeds at slmmnlated altitudes from sea level to
60,000 feet and rem-pressure ratios fram 1.00 to 3.50. Inlet-air
temperatures were, in general, held to within 3° P of NACA standard
values corresponding to the simmlated-altitude and ram-pressure-
ratio conditions. Compressor-inlet total pressures were held at
values corresponding to the simulated flight conditions, assuming
100-~percent ram-pressure recovery.

989

RESULYS AND DISCUSSION

A summary of performance and operational data obtained at
simulated-altitude conditions is presented in teble I. Altitude
data corrected for small varilations in compressor-inlet pressure
apd temperature settings and for variatione in exhamwst-pressure
settings are summarized in table II. Table II also includes the
data corrected to condltionas of NACA standard sea-~level static
pregsure and temperature at the compresscr inlet.

Simulated Flight Performance ’.

Effect of altitude. -~ Typical performance data from table II,
obtalned at a ram-pressure retio of 1.30 and simuleted altitudes
from sea level to 60,000 feet, are presented to show the effect of
altitude on Jet thrust, net thrust, alr consumption (cooling alr
exoluded), fuel consumption, net-thrust specific fuel consumption,
and tail-pipe indicated gas temperature (figs. 4 to 9, respectively).
The trends shown are identical to those discussed in reference 1;
that is, a rapld decrease in jet thrust, net thrust, alr comsumption,
and fuel consumption with incresasing altitude and a decreese In
speclfic fuel consumption up to an altitude of approximately
30,000 feet, after which this trend reversed to give an increase
in specific fuel consumption as altlitude continued to 1lncrease.

This reversal, as dlscussed in reference 1, 1s a result of decreasing
inlet temperature, which increases the compressor Mach number thereby
producing an increase in the compressor pressure ratio and cycle
efficlency. The reversal therefore apparently takes place at the
tropopause (35,332 ft based on FACA standard atmosphere). The
specific-fuel~consumption curves are computed from values obtalned
from the failred-in fuel-consumption and net-thrust curves; any
discrepancies that occur between the fuel-consumption and net-

thrust data and the falred curves are carried over to the specific-
fuel-consumption curves. The data points therefore in many cases




NACA BM E9127 7

do not fall on the falred curve. The tail~pipe indicated gas tem-
perature (fig. 9) at engine speeds below 10,800 rpm decreased rap-
idly with increasing altltude to sbout 40,000 feet, after which
there was no further change with altitude. At the engine speeds
above 10,800 rpm, there was a reversal in this trend, with tail-
Plpe temperature Increasing with increasing altitude. This rever-
sal in trend takes place at lower engine speeds for ram-pressure
ratios greater than 1.30, and at higher engine speeds for lower
ram-pressure ratios.

Effect of ram-pressure ratio. - Performance date obtained at
a glimulated altitude of 30,000 feet and at ram-pressure ratios from
1.30 to 3.00 are presented to show the effect of ram-pressure ratio
on Jet thrust, net thrust, alr consumption, fuel consumption, net-
thrust speciflec fuel consumption, and tall~pipe indicated gas
temperature (figs. 10 to 15, respectively).

As would be expected with increasing air density at the engine
inlet, an Increase in ram-pressure ratio generally increased Jet
thrust, air consumption, and fuel consumption throughout the range
of engline speeds investligated. The net thrust increased with
Increasing ram-pressure ratio for high englne speeds, but decreased
with increasing ram-pressure ratio for low engine speeds. For the
data shown in figure 11 (30,000 £t altitude), the reversal in trend
occurred at approximately 10,000 rpm. The net-thrust specific fuel
consumption increased with lncreasing ram-pressure ratio. The curve
for a ram-pressure ratlo of 1.50 coincides wlth the curve for a ram-
pressure ratio of 1.70; however, this colncldence is atiributaeble
to a slightly high value of fuel consumptlion for a ram-pressure ratic
of 1.50, as indicated by figure 13. The taill-pipe indicated gas
temperature, ln genersl, decreased slightly with increasing ram-
pressure ratio. (fig. 15). This decresse was small and somewhat
inconsistent and conld well be interpreted as data scatter at the
higher engine speeds. As would be expected, an apprecisable
decrease in temperature occurred at the lower engine speeds, where
there was & tendency for the englne to windmill,:

These trends with vearylng ram-pressure ratio are ldentical to
those discussed ln grester detall in reference 1.
Generalized Performance
Performance data varying in altitude from sea level to

60,000 feet and in ram~-pressure ratio from 1.00 to 3.50 were reduced
in the conventional manner (reference 2) to NACA standard sea-level
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conditions. The development of this method of generallzing data
Involves the concept of flow simllarity and the application of
dimensional - analyslis to the psrformance of .turbojet engines. In
thls development, the efficliencles of engine components are con-
sidered to be unaffected by changes in flight conditions.

Effect of altitude. - Typical sea-level corrected englne per-
formance date (table II) obtained at a ram-pressure ratlo of 1.30
and simulated altitudes from sea level to 60,000 feet are compared
to show the effect of altitude on the corrected values of Jet
thrust, net thrust, alr consumption, fuel consumption, net-thrust
gpecific fuel consumption, tail-pipe indicated ges temperature,
end tail-cone indicated gas temperature (figs. 16 to 21,
respectlively).

The corrected values of jet thrust and net thrust (figs. 16
and 17) 4id not generalize but decreased with increasing altitude
Por all altitudes above 20,000 feet. This decrease was attributed,
in part, to the decrease in compressor pressure ratio and efficiency
as altitude was inocreased, as discussed 1n reference 1. Because of
the decrease In compressor pressure ratlo, a comparable decrease in
alr consumption would be expected. Although there 1s an apprecilable
scatter in the data, a decrease in air consumption with increasing
altitude is indicated (fig. 18). The dasta for 50,000 feet indicate
an appreclable decrease at a corrected engine speed of 13,300 rpm
after a peak alr consumption at 12,800 rpm. This trend and similar
trends indicated by other hlgh-altlitude data in reference 1 are
attributed to scatter in the data at high altitude, where small
errors in reesding instrumentation are appreciable percentages of
the absolute values. Corrected fuel consumption (fig. 19) increased
only a smell emount with lncreasing altitude at high values of cor-
rected englne speed. At low engline speeds, the fuel consumption
increased very rapldly with increasing altitude. The corrected
net-thrust-specific-fuel-consumption curves (fig. 20) generalized
up to an altitude of 20,000 feet. Above 20,000 feet the ocorrected
specific fuel consumption increased with Increasing altitude. The
corrected tall-pipe and tail-cone 1ndicatéd gas temperature
(fig. 21) generallzed &t all engine speeds. The difference between
tall-pipe and tall-cone temperatures is attributed to the differ-
ences in the location end the number of thermocouples used.

The failure of the altltude data to generalize toc slngle
curves for each parameter for altitudes above 20,000 feet is In
agreement with the results of the lnveatigatlion using the standerd
18,75-inch jet nozzle (reference 1).
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Effect of ram-pressure ratio. - The conventlional method of
generallzing data was apecifically developed to adjust for changes
in the pressure and the tomperature of the atmosphere in which the
engine is operating. Varlations in ram-pressure ratio (flight
speed) change the performance characteristics by effectively chang-
ing the compression ratlio of the engine. In general, the Increased
operating pressure with increasing ram-pressure ratlio reises the
total expansion pressure ratio of the engine (from turbine inlet to
Jet-nozzle throat) until eritical flow is esteblished in the Jet
nozzle. After critical flow is established, the expanslon pressure
ratlio of the engline remsins constant with Increasing ram-pressure
ratio. The engline is then effectively operating in an atmosphere
having a static ,pressure equal to the pressure existing in the Jet-
nozzle throat, and is operating at a constant effective ram-pressure
ratlo. The effective ram-pressure ratio is then equal to the ratio
of the compressor-inlet total pressure to the Jet-nozzle-throat
static pressure. With critical flow in the Jet nozzle, generall-
zetlon of flow characterlistice within the engine should be possible
within the limitations discussed in connection with altitude
effects.

Typlcal performance data obtained at a simunlated altitude of
30,000 feet and ram-pressure ratlos from 1.30 to 3.00 are compared
to show the effect of ram-pressure ratio on the corrected wvalues

F. +p
of Jet thrust, Jet-thrust parameter -JL-?;—QEZ, (reference 1), net

thrust, air consumption, fuel consumption, net-thrust specific fuel
consumption, and tall-plpe indicated gas temperature (figs. 22 to 27,
respectively). (The symbols are defined in the appendix.)

The corrected Jet thrust (fig. 22(a)) did not generalize but
the corrected jet-thrust parsmeter (fig. 22(b)) generalized for all
conditions for which the jet nozzle was choked. The corrected net
thrust of figure 23 appears to generalize at the higher speeds; how-
ever, examination of plots of the data of table IT at other altitudes
shows that the date for ram-pressure ratlos lower thanr 1.30 do not
generalize, Although the corrected alr consumption of figure 24
generalized, the Jet thrust did not generallze and thus, there is
apparently no reason to expect the net thrust to generalize. At
higher flight speeds (ram-pressure ratios), however, the momentum
of the incoming air is greater at a gliven mass flow; this larger
quantity, when subtracted from the higher Jet-thruat values of
figure 22, causes the corrected net thrust to generslize for ram-
pressure ratios sbove 1.30. Correcied fuel consumption generalized

|
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at the high engine speeds when critical flow existed in the Jet
nozzle (fig. 25). At lower engine apeeds, the fuel consumption
decreased with increasing rem-pressure ratio. The corrected net-
thrust specific fuel consumption (fig. 26) showed reasonable agree-
ment for ram-pressure ratios sbove 1.30. Examination of plots of
the data of table II at other altitudes show appreciadly lower
values of specific fuel consumption at a ream-pressure ratio of 1.00.
The corrected tail-pipe indicated gas temperature (fig. 27) also
generalized to a single ocurve for engine apeeds at which critical
flow exlsted In the Jot nozzle. At lower engine speeds, the cor-
rected tall-pipe indicated gas temperature decreased with increasing
rem-pressure ratio.

Effect of Jet~Nozzle Arsa on Performence

A rational examination of the effect of jet-nozzle ares on
engine performance, neglecting secondary effects, lndicates that a
reduction in Jet-nozzle area inoreases the resistance to flow
through the nozzle, thus ralsing the tall-pipe pressure. Bscause,
from consideraticns of typlcal centrifugal-compressor performance,
the compressor pressure ratlo remalns nesarly constent for small
changes in alr flow, the higher tall-plpe pressure caused by a
reduction in Jet-nozzle area resulis in a decreased expansion pres-
sure ratlo across the turbine. In order %o maintain the required
turblne power output, 1t 1s then necessary to raise the turbine-
inlet temperature, which resulte in an increased tall-pipe tem-~
perature as well. The engine air consumption is essentially pro-
portional to the turbine-inlet pressure and inversely proportionsl
to the square root of the turblne-inlet temperature. Because the
turbine-inlet pressure, as previously explained, remains nearly
constant and the turbine-inlet temperature rises, a small decrease
in alr consumption would be expected. This decrease would causge
the turbine-inlet temperature to rise slightly at the same fuel flow
used with the larger Jet nozzle, but an increase in fuel flow to
the engine is probably neceasary to attain the turbine-inlet tem-
perature required by the smaller Jet nozzle. The higher tail-~pipe
pressure caused by a reduction in Jet-nozzle area results in an
ineorease in jet-nozzle-throat wveloclty in the suborltical flow
renge, or in a greater excess of nozzle-throat static pressure over
ambient static pressure in the critical flow range. In either case,
the jet thrust for a given gas flow would increase. Because the
Jet-nozzle-throat velocity varies directly as the square root of the
tall-pipe temperature and the engine air consumptlon varles Iinversely
as the .square root of the turbine-inlet temperature, these effects
tend to cancel each other and should not have much effect on the Jet
thrust. The net result should therefore be &an increase in jet
thrust due to the higher tail-pipe pressure.
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Performance parameters at a simulated altitude of 30,000 feet
and a rem-pressure ratio of 1.30 using the 18.4l-inch-diameter Jet
nozzle are compared with the englne performance using the standard
nozzle (18.75-in.” diameter) data from reference 1 (figs. 28 to 33).
The decrease in area of 3.5 percent showed the expected trends,
causing a small increase in Jet thrust, net thrust, and tail-pipe
indicated gas temperature over the entire speed range. At an
engline speed of 12,000 rpm these increases amount to approximately
4, 5, and 3 percent, respectively. Fuel consumption (fig. 31) also
increased over most of the speed range (about 9 percent at an engine
speed of 12,000 rpm). Air consumption, because of the scatter in
the data, was obtained from the falired curves of figure 24 hereln
and figure 27 of reference 1. These data show the expected decrease
in air consumption when using the smaller jet nozzle, (approximately
1 percent at an engine speed of 12,000 rpm). The net-thrust spe-
cific fuel consumption (fig. 32) was somewhat lower for the smaller
nozzle at engine speeds below 11,000 rpm (about 5 percent lower at
an engine speed of 10,000 rpm); &bove 11,000 rpm the smaller nozzle
gave a slightly higher specific fuel consumption (about 3 percent
higher at an engine speed of 12,000 rpm). .

SUMMARY OF RESULTS

The following results were obtalned from an altlitude-chamber
investigation of the performance of a Britlsh Rolls-Royce Nene II
turbojJet engine using an 18.41-inch-dlameter Jet nozzle:

1. Engine-performance parameters could not be predicted for
altitudes above 20,000 feet from data obtalned at one particular
altitude, because of a progressive decrease 1in compressor pressure
ratio and efficlency at high englne speeds at altitudes above
20,000 feet.

2. At a glven altitude, performance data at any ram-pressure
ratio for which oritical flow exlsted in the Jet nozzle could be
used to predict performance at any other ram~pressure ratio in the
critical flow range within the limits of this investigation.

3, In comparison with the standerd 18.75-inch-dlameter Jet
nozzle, the 18.4l-inch-diemeter jet nozzle (a decrease in area of
approximately 3.5 percent) indicated a slightly lower value of net-
thrust specific fuel consumption at englne speeds below 11,000 rpm
(5 percent lower at an engine speed of 10,000 rpm) at a aimulated
altitude of 30,000 feet and a ram~pressure ratio of 1.30. At engine



1z NACA RM E9I27

speeds &bove 11,000 rpm, the smaller nozzle Indicated a slightly
higher specific fuel consumption. Jet thrust, met thrust, fuel
consumption, and tall-pipe lndicated gas temperature all increased
slightly when the smaller nozzle was used (approximately 4, 5, 9,
and 3 percent, respectively), whereas air consumption showed a
small deorease (about 1 percent).

Lewls Flight Propulsion Laboratory,
National Advisory Commlttee for Aeronautics,
Cleveland, Ohilo.
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APPENDIX ~ CALCULATIONS
Symbols

A area, sq ft

D dlameter, £t

b

thrust, 1b

acceleration due to gravity, 32.2 Pt/sec®
enthalpy, Btu/1b

mechanical equivalent of heat, 778 £t-1b/Btu
thrust constant

Mach number

engline gpeed, rpm

ebsolute total pressure, 1lb/sq £t

W =2 2 KW &4 W m

absolute static pressure, 1lb/sq Pt
gas constant, 53.3 £t-1b/(1b)(°F)

total temperature, °r

¢ H W w

" static temperature, °r

velocity, ft/sec

<

W, alr consumption, 1b/sec
We fuel consumption, 1b/br
W, &gas flow, 1b/sec

ratio of especific heats

5] ratio of compressor-inlet absolute total pressure to absolute
static pressure of WACA standard atmosphere at sea level
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e retio of compressor-inlet absolute total temperature to absolute
atatlc temperature of NACA standard atmosphere at sea level

Subacripts:

b barometer

a thrust-measuring dlaphragnm

1 indicated

3 Jet

n net

P alrplane

8 seal .

Station notation (fig. 3);

0 free stream

2 compressor inlet

3 compressor discharge

5 tail cone (turbine discharge)

6 tall pipe (upstream of Jet nozzle)

7 Jet-nozzle outlet (throat)

Methods of Caloulation
Thrust. - Thrust was determined from the altltude-chamber
thrust indicator (by multiplying the dlaphragm pressure by a con-
stant) with an added correction factor to account for the pressure
differential across the talil-pipe seal. The relation used was
FJ = Fi + AB(PZ -po)

where

Fy = K(pg - pp)

£RA
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and the seal area

2
®xD
A, = —2

8 4

Alr consumption. - Engine alr consumption was celculated from
meagurements of temperature and total and statlc pressure in the
tall pipe. Total-pressure profiles across the tall pipe were plobt-
ted for each data point; the profiles were then read at eight
points, so selected as to divide the tail-plpe area into four equal
concentric, annular areas. The following formuls was then applied
to each of the four areas:

pgh
WS = -RTs- A'ZgJAH

where
A 1/4 X tail-pipe area (cold)

AH enthalpy dlfference between total- and static-pressure
conditions, determined from reference 4

The statlic temperature in the Pormila was calculated from the
indicated temperature by the followlng relation: .

Tg,1 -

= T
1+ 0.8 (—6 - 1)
te

where the temperature ratio was determined from the talil-pipe total-
to-static pressure ratio by means of reference 4. The factor 0.8 is
the selected average value of thermocouple recovery factor based on
instrument calibrations.

Tg

The engine alr consumptlon was then determined by adding the
gas flows through the four annular areas and subtracting the fuel
flow:

Vg

Wa = ¥g - 3550



186 NACA RM E9IZ27

Simulated flight speed. - The eslmulated flight speed at which
the engine was operated was determined from the following relation:

where ¥ was assumed to be 1l.40.

Net thrugt. - Net thrust was calculated from Jjet -thrust by
subtracting the momentum of the free-stream air approaching the
engine inlet, according to the relation

W,V
a
F, = FJ - _?;E

where V? is the simunlated flight speed as previously calculated.
Flight Mach number. - The flight Mach number was calculated

from the compressor-inlet total pressure, assuming 100-percent
ram-pressure recovery, by the following relatlon:

21
4
2 |{F2
Mp=\[5T\p,/) ~*%
7'1<Po
where y was assumed to he 1,40,
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TFABLE I — PERFORMANCE AXD OPERATIONAL DATA

OBTAINED AT SINGEATED-ALTITUDE COWDITIONS
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o - A ) "4 ga O~ Jat a g 3‘ a z i
-1 Hiw' 3 ag= | A - = e on |ae ? e LGEEH ag|igg 29 5
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3| 3 iE3S|£3s| 8% (B3R EE| 5B 23 | 32 |3:F|3028 BE | EA|GEA|3i8CEA (285 ok | 3B | 222
Bo- :3 g-lo-": E-:: =k gvgu Ev R~ Lo ~— |B S Ok zv Eﬁl&-— B A P | O Brer| O] v | & 23]
1 0] 20.94 | 30.02 [ 1.00 | 562 | 6,040 ] 643 | 24.54 | 1260 | 132% 200 11.509 | 15 | 1200 200 | 325 | 19 |140 l150 [ 78
2 0| 30.00) 30.02 | 2.00 | 562 | 7,960 | 1120 | 48.85 | 1745 | 1301 8660 {1.978 [ 15 | 1880 280 | 380 | 26 |1&0 |175
3 0]29.91) 29.94 | 2.00{ 562 {10,012 | 2529 | 62.39 | 2640 | 140C | 1000 [2.804 | 18 | 1300} 350 | 420 | 35 |140 |170
4 ©|29.86 | 29.89 | 1.00 | 562 10,812 | 2926 | 67.92 | 3210 | 1474 | 1060 [3.204[ 18 | 1500; 580 420 | 32 |180 |eR8
5 0]29.92| 29.89 | 1.00 | 561 {11,580 | 3669 | 75.94 ] 3950 | 1582 | 1190 |5.824 | i8 | 1300 600 | 550 | 328 |1%0 |270
8 o] s8.91 29.?9 1.30 | 604 | 8,040 | 1692 | 65.12 | 1838 | 1055 600 11.888 | 20 | 1620| R0 | 350 | 30 |165 |180 75
T 0| z8.85| 29.80 | 1.30 | 561 | 7,924 | 1819 | 64.42 | 1520 | 1040 600 1.843 | 20 | 1600| 220 | 325 | 30 165 | 185 | 141
8 0| 39.00 | 29.80 | 1.30 | 6558 9,020 | 2344 | 75.22 | 2028 | 1124 | 700 |2.238 | 20 [ 16001 300 400 | 30 |170 |200
9 0| 37.10 | 29.70 | 1.26 | 663 |10,004 | 5015 | 76.94 | 2696 | 158 | 825 |2.679 | 20 | 1500} 200 | 390 | 30 |180 |220
10 | 10,000 | 26.50 | 20.51 { 1.29 | 520 6,392 ] 718 | 36.60 | 845 | 914 800 (1.497) 22 | 1100| 100 { 160 | 28 120 | 130 | €0
11 {10,000 | 26.82] 20.46 ] 1.530 | 519 | 6,052 | 1876 | 47.47 | 1145 | 1001 600 (l.061Lf22 | 12001 200 | 300 | 32 120 |140
12 (10,000 { 26.58 | 20.56 { 1.29 | 522 10,000 | 2438 | £9.76 | 2070 | 1214 [ 850 ]2.861 | 22 1200 250 | 320 | 33 | 180 {180
13 | 10,000 | 26.64 | 20.66 | 1.29 | 523 ]10,804 | 5140 | 67.67 | 2715 850 |5.321 | 22 1175] 2650 | 400 | 32 [170 | 220
14 }10,000 | 26.58 | 20.46 | 1.30 | 520 }11,600 | 4202 | 75.64 | 5700 | 1496 | 1150 {3.929 | 22 | 1200 450 ) 500 | 32 |180 | 240
15 {20,000 | 26.56 | 20.46 | 1.50 | 521 |12,2908 [ 5082 | 79.135 | 4865 | 168E | 1385 |4.438| 22 | 1200| 700 | 760 | 32 {180 | 270
16 [ 10,000 | 53.98 | 20.48 | 1.656 | 558 | 9,068 [ 5126 | 73.47 | 2O%0 | 1148 720 [2.629} 2Q 1400| 200 | 380 | 2% 190 |230 | 75
17 {10,000 | 34.05 | 20.59 | 1.66 | 561 |10,824 | 4178 | 82,88 | 2965 | 129¢€ 300 |3.108 | 19 | 1400| 320 | 400 | 31 | 200 | 280
18 | 10,000 | 55.62 | 20.7¢ | 1.64 | 560 |11,568 | 5394 [ 89.37 | 4085 [ 14€Z | 1050 |35.641( 18 | 1400| 520 ( 600 | 34 | 200 |280
1¢ | 10,000 | 55.05 | 20.45 | L.7L | 564 | 9,084 | 2542 | 66.16] 1430 | 999 660 12.175 | 20 1480) 230 [ 330 | 33 | 125 | 195 | 140
20 {10,000 | 36.00 | 20.65 | 1.70 | 564 | 9,980 £ | 76.64 | 2145 | 1186 | 710 |2.613| 20 | 1420 300 | 400 33 | 190 | 216
21 {10,000 | 35.00 | 20.45 | 1.71 | 562 |10,824 | 4366 | 85.20 | 3185 | 1516 | S00 {3.095| 20 [ 2420[ 370 450 33 | 200 | 245
22 | 10,000 | 55.45 | 18.96 | 1.68 | 567 |11,600 | 5279 | 87.65 | 4050 | 1489 | 1100 |3.591| £0 142071 850 | 580 | 33 | 210 | 265
23 |20,000 [ 17.81 | 13.76 | 1.87{ 480 | 7,984 | ©24 [ 54.76| 860 | 048] 550 |2.105] 14 800 | 100 180 | 30 as | 100 87
24 | 20,000} 17.57 [ 15.76 ! 1.28 ]| 462 | 9,002 | 1876 | 45.11] 1499 | 1185 | 800 |3.154 | 14 800 200 | 240 | 31 110 | 140
£6 {20,000 | 17.36 | 15.81 | 1.26 | 461 {10,820 | 2443 { 48.78 | 2065 | 134% %0 |3.727 ] 14 800 | 250 370 31 120 | 160
€6 {20,000 { 17.40 | 1=.76 | 1.26 [ 484 11,586 | 3079 | 52.458 | £765 } 1516 | 1140 [4.259 | 14 800 | 300{ 400 | 31 |140 | 18%
27 |20,000 | 17.52 | 15.76 | 1.27 | 484 [1£2,140 | & 6. 5413 | 1675 | 1320 |4.887 | 13 800 ( 400 450 | 31 | 150
€8 120,000 { 25.26 | 13.56 | 1.71 | 522 { 9,040 | 1681 |46.856 [ 1080 | 972 | €00 |2.2656| 20 [ 1000 | 180] 250 { 30 150 |1 | es
2% | 20,000 | 25.07 | 15.61 | 1.70 | 521 110,020 | 2481 | 83.65 | 1665 | 1162 | 800 [2.840| 20 1C50 | 2501 350 | 20 | 185 | 190
30 [20,700{2%.18 ] 15.66 | 1.69 | 522 110,800 | 3907 | 85.7¢ | 2516 | 1523 | 950 [3.311 . 20 | 1050} 850| 375 | 51 | 1les | 20
32 120,000 | 25.18 | 12.66 { 1.70 | 520 |11,608 | 4091 | 65.26 | 5180 | 1489 [ 1128 [5.891 ] 20 1050 | 350 425 | 31 {175 | 230
32 |20,000 | 23.08 | 23.76 | 1.68 | 520 112,820 | 4874 | 68.67 | 4070 | 1666 | 1500 [4.368 | 20 | 1660| 600 | 675 | 32° | 180 | 250
3T |120,0C0 | 29.09 | 13.74 (2.18 | 562 | 9,040 | 2262 | 57.48 | 1070 | 636 { 520 [2.118] 19 | 1300| 180} 260 30 170 | 190 | 74
4 | 20,000 | 30.07 ] 1Tr.79 | 2.18| 562 | 9,984 [ 5216 | 66.21 } 1740 | 1126 | 700 |2.610 19 | 1300 | 300 | 380 | 33 175 | 185
38 120,000 | 30.11 | 13.64 | 2.21 | 562 |10,776 | 4161 | 71.91 | 3650 | 1289 | 880 |3.073 | 18 | 1300 320 33 180 | 220
26 | 20,000 | 30.13 | 15.65 | 2.21 | 662 (11,616 | 6524 | 79.32 | 3670 | 1476 | 1040 15.627 | 18 [ 1300 | 400 480 | 33 | 200 | 240
37 |30,000 {11.48 | B8.68 [1.22 ] 447 | 8,656 | 860 [27.24| 720} 940 | 520 {2.58F( 185 560| 8af 120 | 28 | 120 | 1565 | 132
I8 |30,000 | 11.58 | 6.76 [1.32 ] 446 [10,008 | 1429 |32.92 | 1075 ; 1144 | 725 {3.408) 15 5501 180 260 | 27 | 120|145
39 |30,000 { 11.63 | 8.58 | 1.36 | 447 (10,776 | 1917 | 36.04 | 1540 | 1306 | 900 |3.264 [ 15 550| @20 | 340 | =28 110 | 153
40 {30,000 | 11.75 | 8.78 [ 1.34 | 446 |11,596 | 2419 | 58.45 | 2136 [ 1559 [ 1200 |4.590 | 1§ 650 ( 280 | 380 | 28 125 | 180
4l |30,00C | 11.58 | 8.88 | 1.30 | 447 |12,072 58.60 | 2610 [ 1688 | 1325 [5.001 | 15 550| 300 | 400 | 20 136 | 220
42 130,000 |13.28 | 8.78 | 1.52 | 466 | 8,826 | 1064 | 30.55| 840 | 942 | 520 [2.528 | 18 620 85 140 1 28 23 | 118 | 131
43 (30,000 [13.38 | &.78 | 1.62 | 458 (10,000 | 1649 | 56.5) | 1224 [ 1242 [ 720 |3.277[ 15 620} 200 300 | 29 110 | 140
44 (30,000 [ 13.43 | 8.68 | 1.56G | 467 j1C,800 | 2185 | 38.48 | 1676 | 1302 | 900 [5.794 | 15 620 | 230 350 | 29 123 | la8
45 | 20,000 [ 13.53 | B.76 | 1.54 | 465 {11,592 | 2794 |42.7¢ | 2550 | 1569 [ 1175 [4.458 | 15 620 280 | 3IN 20 [ 140 | 2085
48 | 39,000 | 13.33 | 8.60 |1.54 | 460 112,084 | 3177 | 44.28 | 2545 [ 1664 |[1305 |4.880 [ 15 620 | 310 420 | 29 160 | 228
47 | 30,000 | 15.14 | 8.8) |1.72 14682 | 9,080 | 1320 |Z4.96 | Se5 | 085 | 550 |2.527| 14 725] 100 170 ] 31 | 130 | 178 | &8
48 |30,000 [15.12 [ B8.86 |1.71 [ 484 | 9,960 | 1860 |36.77 { 1166 | 1118 [ 760 [3.092| 14 T40| 200| 300 | 28 | 130 | 160
49 |30,000 [16.23 | B8.76 |1.74 | 462 |10,808 | 2456 |43.72 | 1745 | 1512 [ 920 (3.710 | 14 750 | 250] 350 | 20 [ 130 {170
5 130,000 | 18.04 { B.81 |1.71 [ 482 |11,640 | 3083 |45.46€ | 2445 | 1537 | 10860 14.307 | 13 726 [ 300 380 30 [ 135 |1as
51 {30,000 | 15.04 | B8.91 |1.8% | 482 |12,204 | 3566 |48.83 | 3020 | 1664 | 1325 [4.741 | 15 720 | 350 400 - 150 | 230
52 {50,000 §17.83 | 8.78 | 2.03 | S04 | 8,388 | 1505 {39.81 | 696 | 926 | 8600 [2.371 ] 20 800 | 100 180 30 | 1256 | 150 | 156
53 (30,000 { 17,78 | &.78 | 2.02 | 502 | 9,088 | 1540 |38.7¢ 816 | 937 | 500 |2.411 | 20 - 800 | 120 180 | 29 | 128|185
& 30,000 | 17.83 ( 8.688 |2.05 | 801 | 9,904 | 2149 |44.79 [ 1328 | 1108 | 700 [£2.933 | 20 8OO 200f 300 | 29 |135 1M
56 |30.000 j17.58 | £.78 |[2.00 | 504 | 9,948 | 2104 |44.75 | 1260 | 1109 | 700 [2.936 | 22 800 | 200} 300 28 | 150 [ 200
86 130,000 {18,08 | 8.88 | 2.04 | BO1 |10,664 | 2776 |48.14 | 1876 | 1269 | 860 [3.414 | £0 810 | 280 3850 28 150 [ 120
57 |50,000 {17.83 | 6.08 |2.01 ; B4 {11,520 [ 3466 [51l.Ul | 2690 | 1469 | 1125 |3.9€04 | 80 eo0’ 300 | 410 2% | 170
5@ (0,000 | 20,08 | 8.52 |2.28 | 520 ) 7,920 [10%3 |&7.28 | 664 | 761 | 3856 |1.7¥0 |21 800 58 100 2¢ [120 [140 | 77
.
58 |30,000 |20.08 | 8.86 |2.27 | 617 | 8,976 | 1670 [41.F1 ! 880 | 915 | 550 |2.228 | 20 900 100 170 28 |15 (170 | a7
& |30,000 | 20.08°7 8.95 |2.24 | 520 (10,012 | 2439 [47.26 | 1305 | 1161 | 800 |2.816 | 20 925] 200| 325 29 1€0 | 190
61 |30, 16.95 | B8.60 |2.27 | 522 |10,784 [ 3108 (50.84 | 1985 | 1= 98¢ [3.301 | 20 900 | 250] 375{ 28 | 170 | 210
82 |X0, 19.84 | 8.71 [2.28 | 524 |11,640 (3918 |85.66 | 2835 | 1610 |1150 [3.92% | 20 904 | 300 28 | 170 | 240
€5 |30,000 [19.84 | 8.91 |2.83 | 520 (12,852 | 4498 |£6.17 | 3515 | 1680 /1325 |4.339 | 20 00| 400) 475 | 29 | 180 | 260

‘h'eru_:e reapresenting time in altltude chamder. Approximately
chasber. : ’

tioe of installation in altitude
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TABLE T -~ PERPORMANCE AWD OPERATIONAL DATA OBTAINED AT SIMULATED-ALTITUDE -~ Concluded
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§35 [853 IR EE o8 BB 5% 1518815 85,445 |5 |3
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§ i |sieE | 3 {35 (28 (582 |3, |dolale|diatin|die® |3
5| 2z 88s (254080 5% 82 (321 55 |33 delE b 343|383 (525 82(5 82| 2F iF| 213
ot FENTY » el o
| 2% (B85 |gid|E; |B3E) e 38| 88 |29 |ZIE[pEY Y |88|2RS|4A5|9R21508 58 36 (A0l
684 | 30,000] 24.16 8.81] 2.74{ 882 9,132} 2140| 49.04| 905 939 500 | 2.189] 18 40 160 % 30 180 | 180 | 139
85| 30,000| 24.81 8.811 B.75| &42 9,156 | 8224 50.086 950 047 500 | B.234} 15 1080f 170 145 | 165
86 | 30,000| 24.16 8.91| 2.71( B49 9,004 | 2054| 53.688 | 1450| 1138 875 | 2.6894! 18 1040} £80 360 0 165 | 198
&7 | 30,000| 24.1) 8.91[ 2.71| B&e | 10,808 ] 3750 58.66| 2200] 1316 800 | 3.162] 18 1040; 300 400 29 1 230
68| 30,000| 24.06 8.81| 2.73] 552 | 11,580 | 4626 63.95| 3050| 1490| 1100 { 3.672; 18 1040} 380 480 29 200 | 268
69| 50,000] 24.16 | 9.31| 2.60] 886 | 12,264 68.19 | 40600 130G | 4.164] 18 1040} 510 580 29 210 | 280
[ 30,000 £6.88 | 9.04[ 2.86( 568 [ 10,012( 31758( 58.73| 1510( 1124 700 | 2.80%) 20 1180 200 320 24 200 | 238 7
71| 50,000| 95.96 8.89) 2,92 562 | 11,620] 4926| 68.08| 2016] 1476] 1100 | 2.648] 19 1100 350 400 29 206 | 260
7e| 40,000| 7.20 | B5.48) 1.33| 429 8,300 516f 17.11| B50O| 88| 500 ] 2.482 380] Bwe 80 28 | 10| 146} 159
75| 40,000 7.28 5.49| 1.55} 426 8,998 671| 17.98 550 73 600 | 2.883] 15 390 =w= o 25 100 | 130
74| 40,000 7.48 65.468] 1.38] 425 ,892 oT7| 21.84 716] 1138 725 | 5.5001 18 400 a0 130 26 100 | 138
75{ 40,000 T.28 5.68| 1.30| 427 | 10,812| 1191} 28.91| 1010} 1320 960 | 4.137] 186 590} 150 230 86 1l0 | Y60
76{ 40,000 7.48 5.48] 1.36| <24 | 11,882| 1561] 24.24| 1410{ 1831| 1800 | £.695] 1€ 390 220 350 26 1186 | 180
77| 40,000 9.40 | 5.50| 1.77| 480 | ©,040| ©47 £3.00| ee8| o947| o288 {e.c28| 22 4801 80 80| 27 [ 100|130 | 128
78 | 40,000 9.50 6.50| 1.73] 461 | 10,008| 1293] £6.93 T96] 1129 708 | B.242 480| 100 150 26 112 | 148
79| 40,000 9.60 5.40] 1.78| 462 | 10,794| 16é61| 28.70| 1120{ 1310 3.81%] =0 480| 200 280 26 180 | 180
80| 40,000 8.50 5.50] 1.78| 489 | 11,800] 2070| 29.68| 1630] 1536| 1145 | 4.432| =0 480] 240 350 26 140 | 210
8l} 40,000| 11.06 [ 5.61] 1.97| 480 | 8,940| 1002{ 26.57 9230 560 | 2.451] 14 570t 60| 100{ 26 | 130117} &9
82| 40,000| 1l.18 5.611 1.99} 482 6,908  1489] £9.B6| 910; lle2| <780 | 3.100| 14 5801 100 180 28 1281 180
83| 40,000| 11.12 5.56| 2.00] 483 ] 10,800 1877{ 51.76| 1865| l316| 950 | 3.687| 14 530| 200 300 e8 1% 1170
84| 40,000| 11.18 5.56| 2.03] 482 11,604| 2377 53.77| 1900 1B354| 1200 | 4.262] 14 580| 250 360 28 140
85| 40,000| 11.15 5.56] 2.00] 484 | 12,012| 2606] 54.76| 2085] 16465| 1325 | 4.8568] 14 580 280 380 28 150 | 218
86 40,000| 1l4.72 6.58| 2.87] b22 2,916 1861 Z4.753] 1010] 1113 7825 | £.T84| 24 710| 150 208 27 157 | 193 78
871 40,000| 14.76 | 5.54| 2.66] 620 | 10,800| £2418| 38.89| 1618| 1316 925 | 3.340] 24 T10| 820 | 325 28 160 | 200
88| €0,000] 14.78 8.87| 2.65] 520 | 11,564} 3023 41.89| 2085 2616( 12148 | 3.902{ 24 T10| £80 388 28 170 | 220
ag! 40,000] 14.78 | 5.55| 2.86] 520 | 9,060} 1389 31.13| 7Cel 938! 600 | 2.246] 20 700, 28] 110 | 27 | 140 | 160) a8
€0 40,000] 14.86 6,66} 2.68] 521 9,960 | 1940| 34.95] 1084 2148] 800 | £.812] 20 700L 178 | 240 27 150 | 180
81 40,000] l4.62 5.60 8.64] 820 | 10,784 | 2453 37.858] 1534 1000 { 5.317) =0 7001 200 380 27 170 | RO
o2 40,000( 14.77 5.60| 2.64] 521 | 11,560 3000| 40.73) £105| 15836( 1260 | 3.846]) 20 T00| 260 390 27 170 | 230
93] 40,000{ 19.14 B.56| 3.44} 563 9,980 | 2492 41.48| 1284| 1132 700 | 2.608| 14 850( 200 280 28 180 | 210 70
94| 50,000 4.60 5.38| 1.38( 428 °,324 510| 12.38 438| 1043 650 | 2.948| 16 280} ow-- 40 ;] 125 | 180 ] 138
85| §0,000 4.68 3.28| 1l.43| 484 9,968 607 13.81 502| 1134 785 | 3.361| 18 £90] --- 50 26 116 ] 168
96| 50,000 4.68 5.38| l.38] 428 10,772 T64{ 14.37 &72| 1307 5.915| 18 280 60 a5 | 26 118 | 170
7| 30,000 4.68 3.18( 1.47] 428 |11, 978) 15.51 918| 1530| 11265 | 4.543| 16 2680| 100 17 1] 120 | 180
%8| 80,000 4.68 | 3.28] 1.43| 428 12,096| 1088] 15.37( 1120| 1725| 1385 | 4.848| 17 2W0| 170 250 g6 150 | 208
99} 60,000 8.00 5.30] 1.82| 457 8,980 14.91 396 ege 5l2 | 8.560| =0 SBA| e 20 ze 140 | 188 | 129
100 | 60,000 6.90 3.50| 1.79| 460 | 10,004 809} 16.48 542| 1119 TRE | 3.254| 20 30| ~-- 36 24 130 | 170
101} s0,000] e.00 | 3.40] 1.76| 481 { 10,740 1031| 17.83| 762| 1283 5.783( 20 330 40| oo | 24 | 130 | 176
loe} 60,000 5.80 | 35.30] 1.768| 461 ] 11,8%4 | 1244 .83)] 1068 1540 1178 | 4.431| 20 Se0| 160 | 220 | 2¢ | 140 ] 200
103{ 50,000 7.38 3.46( 2,137 462 9,100 17.11| G&&6 944 550 1 2,520 14 400 —- 50 24 136|170 W™
104] 80,000] 7.20 | 3.36| 2.14] 482]10,040( 974 19.05{ 6601 1135| 750 : 3.1€1 14 400 &0 8 | 26 | 130 | 166
los| 50,000 T.54 3.41| 2.15{ 481 10,828 20.09] 685| 1329 260 | 3.708 14 400; 100 180 26 130 | 170
106) %0,000| 7.39 | 3.46) 2.13] 482)131,600| 1508 22.23] 1160) 1642; 1225 4.216{ 24 400t 200§ 300 | 26 ) 140 190
107] 50,000| 9.16 {* 5.78| £2.47| 522 | 8,268 BBﬁ 17.68] 388| 602| 4057 1.889) 26 50| &0 121 18 | 163 | 187| "™
108| 80,000| 9.16 { 5.72| 2.467 520 | 10,000} 1135 22.58] 684| 1129] 766 | 2.86T| 25 80| 76| 100 | 22 | 178 | 228
108| &0,000 9.16 | 3.77| 2.43! 509 ] 10,828 1300| R=4.60| 1004| 132 950 | 3.421| £6 498 130 210 21 198 | 955
110| 50,000 9.24 | 3.77| 2.45] 519 | 11,608} 1814] 25.68) 1318| 1659] 1205} 3.889] 25 495) 206 | 316 | 28 | 190 | R65
111] 50,000{ 9.85 | 3.50| 2.64f 520 | 9,020]| 858 20.00] 484| 935| 600 | 2.27%; =0 800} ~-= 45 28 | 1801 1956| 88
112| 50,000 9.12 3.60| 2.61; 520 9,984} 2170 22.75 688| 1149 800 | 2,829 20 475 —— 100 24 160 | 195
115| 80,000 9.27 | 3.50| 2.65| 580 | 10,788 ( 1638| £24.11]| ©96| 1342| 1000 | 3.387| 20 490] --=| 200} 24 | 1851 220
114] 50,000 9.820 3.85| 2.69] 522 | 11,588 1867| 25.22] 1378| 186T7| 1300 | 3.B74} 20 4901 200 350 24 180 | 240
118| 80,000{ 1l1l.98 3.66| 3.27| &628{ 10,016] 1508] £26.23| 880 .1.142 TEQ | 2.626]) 14 600 2] 130 18 190 | 2356 Tl
118} 60,000| 3.08 | 2.08( 1.48] 434 | 9,324| 35268 6.05( S08! 2075( 625 2,908 17 210] -=- 121 22 | 140 | 218 134
117 60,000 2.83 2,08] 1.36] 432 | 9,978 330 7.73 3207 1185 700 | 3.283) 17 200} ==~ | 10 22 140 | 210
118{ 60,000 2.88 2.08} 1.38] 434 | 10,782 423 9.45| 398{ 1320 800 | 3.847] 18 200] «=- [+ 30 28 140 | 205
119 60,000 2.88 2.08] 1.38{ 436 | 11,808 542 9.81 556 1541 1180 | 4.441} 18 200] ~== &0 22 145 | 210
120| 80,000 2.768 1.98{ 1.40| 441 | 12,200 801 9.52 664 1717| 1328 ) 4.673} 18 800 &0 20 22 150 | 230
121| 80,000 3.88 2.18] 1.78( 460 8,836 239 .14 370 818 50O | 2.497| 20 2850 20 25 95 | 135 158
1eg| 80,000( 3.68 | 2.08} 1.77| 480 { 9,984 448 10.24| 400( 1134} 7R5] 5.242| 20 250 30! 2 {11510
123| 60,000| 3.78 | 2.08( l1.82| 462 ! 10,838| 80%| 1l1.20| B&06| 1320| 940} 3,836} 20 260 --- 60| 23 | 1256 | 180
124 60,000 3.689 2.06| 1.%7| 460 | 12,500 755 11.36 678| 1540} 1160 | £.375) 20 2850 Kaid 100 23 85 | 190
15| 60,000| 3.608 | 1.98| 1.66] 462 | 12,086 | ©24] 11.74] 818| 1726( 1328 | £4.688] 20 250, 5| 140 ] 23 | 150 | 818

'Avenge representing time in altitude chawber. Approximstely £2 hr hed been accumilated at time of installation in sltitude
chamber.

bl)nshu indicats that velues sre unknown. -

]
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TAME II - FERFORMANCE

(Adjusted for varistions In ras-pressure ratia)

DATA ADIUSTED TG STANDARD ALTITUBE AND CORRECTED TO STANDARD SEA-LEVEL ATNOSPEERIC COMDITIONS

Point elb;.tudn Rom- Pugins apeed Jet thrust Net thrust]iir Fuel Net-thrust specific|Indicated gas
£t pragsure| (rpm) (%13} {iv} . | consumption |eonsumption|fuel consumption tc-snrlhu'u
ratio 4 - (3b/ssc)” (1bfor {1lu/(er] (1 thrust}y{°R) _°
i Paraneter . . I,'P Pe —ocne
Alt. Corr.[Alt.[Corre i, + Pody Corr. [Alt.|Corr. alt. Corr. t.L{:n. Corr.
Ro/Pg x O L Ja_' wo/8) W (We/elo| wo/r, | We/P 0O (g 1%,/ T 4 /0
1 0 1.00 | 5,808| 5,808( 641] 641 4,554 35.81 [11ea| 11s8 1.889 1,860 [1223] 12 1287
2 o 1.00 7,646| 7,845[1128]1126 5,030 50,60 |1&71f 1871 | 1.484 1.484 [1200 1218
3 ] 1.00 9,618| 9,618|2327|2387 8,240 &4.88 2834 2534 1.089 1,089 [129%| 1292] 1347
£ 0 1.00 [10,386(10,386 (2089|2029 | 6,842 70,78 13067} 3067 1,066 . 1361 138l] 1404
8 -] 1.00 |12,135{11,155(3673|Sa7rs 7,508 76.97 |3e02( 3802 | 1.08% 1.035 [1483| 1483 1526
[} o 1.3 8,000[ 7,716811689]| 1209 4,308 52.09 |isg6] 1131 5.486 5.285 1047 97T 076
7 o| 1.0 §-7,909| 7,619]{1626{1251 4,281 s51.75 |1s2e{ 1128 | 6.729 6.465  [1087 981
8 [ 1.30 | 9,029] 8,898|2346]1805 4,815 60.05 |2029] 1804 | 2.818 2.715 {1128 1079
9 o | 1i.%0 | 9,066| 9,801}3188|2452 8,482 <21 |2757] 2043 1,941 .870 |[l22e 1166
10 10,000 1.30 |} 6,309| 6,586} 720| 805 3,a18 41.12 | 848| 947 Ll oo $05 947
i1 10,000 1,30 | 8,088) 8,082 H283{1435 4,445 53.40 {1154 1288 | 3.998 s3.988 |2008 1060
12 10,000 1.30 {10,000{ 9,960|2475|2768 8,778 67.80 |2071{ 318 1.708 1.708 [1209 1300
13 10,000 1.30 ,763|10,761 (5162|3536 5,846 76.45 |2733 1.573 1.570  |1324 1399
14 10,000 1.30 {11,611|11,588 4226|4727 7,737 85.15 |3725[ 4156 1.411 1.408 1490 1807
25 10,000 1.30 }12,293112,267 5112|5717 8,737 89.23 |4803] 5462 1.419 1.418 |1e8s 1778
16 10,000 1.70 5,105 67.18 |2083| 1722 | 2.098 2,013 [1153 1094
17 10,000 1.70 5,020 73.44 |3037[ 2498 1.708 1.838 [12968 1283
18 10,000 1.70 7,173 682.32 {4303} 3454 1.461 21.394 [1484 1394
19 1o.ggg 1.70 4,868 56.82 |1436} 1180 4.452 4.275 043
20 10, 1,70, 5,076 €8.08 1753 | 2,297 2.20T (11 2076
21 10,000 1.70 6,048 |l808 75.71 [3l44] 2584 1.748 1.673 1317 1286
22 10,000 1,70 7,017 |27=e5[235L |92.09{82.00 |4196| 3448 | 1.541 1.480 |1479 1429
a3 20,000 1.30 4,893 | 2s0| 385 |35.61j67.46 | 850] 1476 | 3.60T 5.834 | 37 1077
24 - | 20,000 1.30 6,234 | 998{1667 {46.01]|74.23 {{1500| 2603 1,508 1.862 |12 13852
25 20,000 1.30 7,270 |1s33]2sas |50.3%|61.51 Y2101 | 3646 | 1.370 1.421  |1342 1516
28 | 20,000 1.30 8,552 |2108[3528 |83.92|687.00 6| €908 1.340 1.3%0 [1s12 1716
R7 | 20,000 1.30 9,357 |2630]4401 |B7.87|93.38 |3476| €032 1,322 1.371 [1670 1
2a | 20,000 1.70 4,454 | 310| 397 |47.06]60.35 [2098] 1399 | S.530 3.8523 971 1085
29 | 20,000 1.70 5,540 | 9850|1216 |54.22(69.53 [1s83| 2149 1,771 1.767 |l182 1255
20 | 20,000 1.70 6,483 |1498)1017 |60.19(77.18 {2330 [ 2976 | 1.556 1.583 132 1403
31 | 20,000 1.70 7,575 (2206|2823 |85.85)64.18 |3204 | 4092 1.453 480 1491 1580
32 | 20,000 1.70 8,603 3700 |69.50(89.13 {4118| 5259 1.421 1.418 {1 1786
33 | 20,000 { 2.30 4,014 177} 167 |80.77[60.14 {1124 1017 6.370 8.090 948 908
24 ] 20,000 | 2.30 4,976 | s62f 815 [80.65[68.83 |1840] 1664 2,136 2.042 1137 1071
35 | 20,000 | 2.30 5,067 1616811509 |765.21(74.43 |2670] 2423 1.6088 1.505 [1301 1238
36 | 20,000 | 2.30 7,057 [2578]2439 [82.60(01.74 |3859| 3490 1.497 1.451 [14s1 1385
37 gg.ooo 1.30 5,212 | 317 97.64|66.27 | 734| 2038 | 2.316 2.504 | 942 1248
38 ,000 1.3¢ 6,691 779 |201¢ |33.04[79.22 {1071 | 3002 1,374 1.486 [1L138 1379
3¢9 | 30,000 1.30 7,844 [1174 35.81 |a5.07 1519 | 4288 1.203 1.398 [1301
4«0 | 30,000 2.30 ,044 1607 4287 {37.37|89.80 |2085] 5845 1.297 1.403 1937
41 | 30,000 1.30 9,032 [1905)4938 |39.73|95.25 |2500| 7008 1.312 1.419 [1e53
42 30,000 1.50 4,961 | 311| 699 |30.37|€4.40 | 847 | 2018 | 2.721 2.883 03¢ 1096
43 20,000 1.80 €,2a0 | 753(1892 |36.53(77.43 |121Y| 2895 1.618 1.711  [1132 1314
44 | 30,000 1,50 7,420 j1e22 2744 |37.99 [80.55 |1664 | 3960 .3 1.443 1204 18186
45 | 30,000 1.5¢ 8,724 |1702 (3823 |42.15(69.37 |2328| 5841 1.369 1.450 |1Es0 1828
6 | 30,000 1.50 9,644 |2088 4848 |43.02 65, 26R7 ) 6013 1.221 1.294 (2672 1891
47 | 30,000 1.70 4,932 | 347| 687 |3s.09|66.02 | B72) 1796 | 2.515 2.617 [] 1083
48 | 30,000 1.70 5,668 | 738[1463 |39.7¢|75.7T7 |1163 | 2398 1.578 1.830 (1107 2297
49 | 30,000 1.70 7,086 |1198 +80 [82. 1723 | 3382 L1.439 1.497 |L 1488
50 | 30,000 1,70 8,461 Is626 |4B.75(87.12 [2451 ] 5053 1.340 1.394 [1s28 2734
51 ,| 30,000 1,70 9,400 22104378 |49.1f [03.83 [3016&]| 6219 1,388 1.421 1655 1922
s | 30,000 | 2.00 | 8,971] 9,121|1479]2490 1.440 192 ]| 324 |39.75l66.86 | 90| 1824 4.627 4.704 | 923 989
83 30,000 | £.00 | 2,088] 9, 8 2874 ,630 1 €79] 470 |38.63164.01 | 912 | 1se2 3.269 3.323 9 993
B4 30,000 | 2.00 9,915{10,080 (2124 [35709 8,535 | 693|115l [44.5673.84 {1531} 2280 1.949 .81 (1121 1202
55 | 30,000 | 2.00 ,929110,085|212¢ [3586 | 5,542 661 |1114 [45.33[75.14 |1eT2] 2179 1.923 1.955 (1108 1198
58 | 30,000 | 2,00 |0,676|10,834|2702 [4562 €,508 {1177 1582 |47.18 78.17 |1834 | 3142 1.889 585 1272 1367
87 | 30,000 | 2.00 L492[11,691 (3436|5720 | 7,748 |ITe4 .80 [94.18 |2570 | 4402 1.433 1.487 |1464 1632
s8 | 30,000 | 2.530 | 7,596¥ 7,012|1215(165¢ | 5,335 |-e38|-348 |57.75|ss.c8 | eeu| w7 o oo TSS 783
& | 20,000 | 2.30 9,021| 0,694{170s|2498 | 4,199 192 4%.22 |e2.04 | 897 | 1311 | 4.863 £.649 925 1014
e0 | 30,000 | 2.30 |10,032|10,00e[2809 (3676 | 5,377 | 790(11%7 |47.900[70.82 1418 | 2069 1.793 1.788 |1188 1856
8L | 30,000 | 2.3¢ 7684 (10,762 |3210 (4703 6,404 |1381 (1979 [Bl.e¢ i7e.z6 |2032 | 2089 1.504 500 1323 1402
62 | 30,000 2.30 |[11,629(11,80¢[c038|8017 | 7,618 2904 [87.40 [84.35 |2931 | 4282 1.479 1.476 [1807 1596
83 | 30,000 | 2.30 12,22004675(6850 | 8,551 (25393730 |59.62 [87.61 (3643 5322 434 1.430 [1884 1788
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TABLE I1 - PERFORNANCE DATA ADJUSTED TO STANDARD ALTITUDE AXD CCGERREQTED TO STANDARD SEA-LEVEL ATMMOSPHERIG CONDITIONS -~ Conoluded
(ddjusted for varlations in ran-pressure ratlo)

Tornt] A1ETeude [Ran- Tngine opeed|  Jeb thrust Wet thrust|Alir Puel t-thrust specific|Indiocatsd gas
L't pressure| (rpm) - (1n) [$1'33 a ption |con u-gtim M} eonsumption tx; s ture
ratio (m:o) (lb;ln‘ (1b/(hr} (1b thruat)¥( 5’"
Parametor Tail-pipe Fall-oone
Alt. | Corp.|Alt.{Corr. Py + pohq|Alt. cy Alt.|Gorr. [Alt. . :}r Corr.  {A1E.[Corrd Corr.

Pa/po X 7] Py r;{ —— Fn [Fa/8 | Y, |W R/ W, w,?m Wo/Fn | WP 0 [Ty e AT, N
&4 | s0,000 | g.70 | 9,096] 8,857]e 4,004 | 172] 215 [48.02lee.01 | oe¢| 2086 | s5.187 8.051 | 931 [ ]
65 | 30,000 | 8.70 | 9,201} 8,950{2162(e722 | 4,171 | 229| 286 |49.34la3.22 | 047| 1180 | 4.130 4.021 [ 938l god ol
és | 30,000 | 2.70 | 9,968! 9,703 ]2020(36a5 | 8,106 | erg{lcee |53.33(68.33 |1427| 173¢ | 1.7a3 1. 1131} 1073 1073
87 | 30,000 | 2.70 [10,766|10,463]3704 (4621 | e,0m0 |13e2|1vaT |Be.42|7e.05 [21vc]| 2eze | 1580 |. 1.518 (1308 1279
68 | 30,000 | 8.70 (11,524|11,2R1[4B89{5725 | 7,174 |2049[2556 |64.20|82.26 [3009] 3856 [ 1.468 1.430 |1475[ 1399 1465
69 | 30,000 | 2.70 |ie,1269|11,840]5430)6778 | 8,224 |2723|3306 |6B.45|a7.70 |s9s4| 4803 | 1les2 1.414 [lese| is7y 1643
70 | 30,000'| 3.00 |10,022| 9,s10!3512]|5720 | s,024 | sev| vea |ee.z2[em.49 |1347] 1687 1.806 1.735 [1127| 1038
71 | 30,000 | 3.00 [11,631|11,1e2|s0e4}s710 | 7,014 [ele3|e429 j60.68)83.51 |29ea| 3228 | 1.384 1.328 |l¢s0| 13
72 | 40,000 | 1.30 | 8,255| 9,240| soS{2088 | 5,088 | 83| 760 [16.99{63.70 | s03| e312 | e 7 s.041 | o1
75 | 40,000 | 1.30 | 8,964| 9,928] é60|av4l | »,751 | 3281348 [17.85{66.86 | 546| 2810 | 1.e8% 1.e62 | 978,
74 | 40,000 | 1.30 | 9,973|11,048] 023)3832 | 6,842 | s2s)2162 [21.11]79.14 | e97] 3m02 | 1.3e5 1.467 1139
76 | 40,000 | 1.30 [lo,767(11,921|1183(4912 | ¥9,e22 | 7s3|3lzs [22.86|e8.71 | oue| ese2 | 1.327 1.460 |1300
76 | 40,000 | 1.30 |11,543]12,78c 1498|6218 | ¢,2%8 |1050}4308 [33,51|87.38 |1368| L242 | 1.282 1.419
77 | 40,000 | 1.70 | 9,013} 9,603| 847|260 | 4,892 | 220] 699 [e2.v6{6m.¢1 | 38| 215r | e.oe7 J.086 | 48
78 | 40,00¢ | 1.70 | 0,9¢8|10,620|1218]3858 | 6,180 | so9|1el7 [26.06[7v.08 | 7eo|zevi | 1.3 1.662 11120
"0 | 40,000 | .70 |10,720(11,430(1513]4s03 ! 7,106 | T37|e536 |28.43[84.71 |1092| 3e02 | 1.481 1.678 |1501
60 | 40,000 | 1.70 |11,878|1e,350(l9es|e31s | 8,417 (1179|3742 |29.89[88.47 |1815| s461 | 1.3ev 2.488 [1s830
el | 40,000 | 2.00 | &,927| 9,203f1006)2726 | 4,671 | 196| 530 |es.62|66.40 | sa9| 1934 | 3.30s 5.649 | 978
a2 | 40,000 | 8.00 | 9,983/10,361(1448[3506 | 5,862 | 5ea|142S [29.14]75.50 | 90¢| 263¢ | 1.714 1.784 {1118,
83 | 40,000 | 2.00 |[10,781|11, 187139047 | 7,003 | pes|zase |31.80)s2.40 3834 452 1.512  [1504 I
84 | 40,000 | 2,00 (11,563]12,037 2349|6338 | 6,294 |1289]|3476 [55.57)87.00 [17ee| 5003 | 1.381 1.438
85 | 40,000 | 2.00 |11,945{12,435(es78(6984 | &,010 |147a]|30ee [34.83]00.25 [20ez| 5762 | 1.398 1,433 |2647
88 | 40,000 | e.7¢ | 9,908| 9,886 (1007 (3702 | 8,340 | s3elicec [38.99{70.67 2040 | 1.p21 1017 uie
87 | 40,000 | 2.70 |10,811010,760 (24654928 | @,377 | s49[1e0s [39.23)va.s6 |1539] 300 | 1.5ee 1.619 [1320
88 | 40,000 | 2,70 [11,596{11,572[30082]6161 | 7,810 |14G6 {2931 (41.79[83.70 |2124| 4237 | 1.449 1.448 [1621
89 | 40,000 | 2.70 | %,089 9,051 (1415{2820 { 4,278 | 193| 385 |S1.02|e3.33 | 77| M1 | 3.vec 5717 94l .
$0 | 40,000 | 2.70 | 9,960| 9,940 |1056]3020 | s,380 | ms2|11e3 |58.20(70.87 |1092]| 2i7e | 1.s84m 1.841 {1148 '
91 | 40,000 | 2.7¢ |[10,798(10,773 125024999 | 6,443 [1018(2038 [38.35|76.81 |1857) 3106 | 1i.8e9 1.526 (1343
92 | 40,000 | 2.70 [21,860(11,537(3062(612) | 7,570 |[1480{2910 [41.42)82.96 |21%0[ 4240 | I1l480 1.486 (1538 .
3 | 40,000 { 3.50 | 9,071 9,678 2629|3000 | &,018 | seelioe7 lez.o5(e7.81 [1308| 193¢ 1.960 1.863 [1130 #
o4 20,000 | 1.30 | ,274(l0,268] 473({3165 | &,175 | 2491869 [11.87{71.79 | 433| 3go7 | 1.736 1.921 (1048
98 | s0,000 | 1.30 | 9, 11,080 | 54513648 | 6,638 | 306|2046 [1n.72{76.88 | 490| 3828 | 1.601 1.775 {1148
96 | 50,000 | 1.30 [10,714(11,862| 692(4e35 | 7,648 | 43200096 [13.80|e3.48 | 6c4| 4769 | 1.4em 1.647 [1297
97 | 50,000 | 1.30 |11,537 (12,774 | sea|se1z | s,s22 se2 3960 [14.70(80.986 | Aes! 6398 | 1.489 1.618 [1se
98 | 00,000 | 1.30 (12,031|13,320| 9Bo|6se2 | 9,872 | 709|748 [14.42|87.19 |1064] 7887 | 2.s01 l.662 |17
99 50,000 | 1,70 | 8,963] 9,5¢9] safzese | 4,504 sa| 266 14.;3 6v.20 | 02| e10e | 7.736 e.2¢1 | w31
w0 | 50,000 | 1,70 . 827 70313506 | 6,898 | 288( 1307 (16.3F|7a.a8 | 536 2ges | =2.1201 £2.238 (1117
101 | 60,000 | :.70 |10,606]11,308| 917|468l | e,98% | 4308|2043 |17.81|me.12 ] 730| 30a3 | 1.ee7 1.776 |12a3 .
log | 80,000 | 1.70 [11,877 (12,334 (1187|6075 | 8,376 | 665(3404 [19.09]91.71 {1071| 3841 | 1,610 1.m15 |isev
105 f 50,000 | 2.00 | 9,088| 7,440| ezo|eess | 4,682 | 212| 498 |18.08/67.10 | s3] 2azs | 4.0 4.576 | sag
14 | 50,000 | 2.00 [10,008(10,418| s01j3622 | 6,678 | 3e|1408 |18.30|76.50 | a36! a0 | 1.9 2.049 (1132
108 | 50,000 | 2.00 [10,801|11,244 [11456{4984 | 6,940 | s21|22e88 |19.77|82.85 | a2e| 3ves | 1l.877 1.642 1308
06 | 50,000 | 2.00 ,550 (12,033 |1362{8926 | 7,882 | 7oe|30es |20.66(e6.38 |106a| 4838 | 1.308 1.567 [1s32
lo7 | 30,000 | 2.70 | 8,289] 8,243 | 5768|1864 | 3,315 |-118|-873 |17.95|87.96 | 37| 1219 oo oo 801
log | 80,000 | 2.70 |10,010| 9,99c 1205|3882 | 6,351 | se6{lose [ee.7i{va.3s [ &e1| 2221 | =.128 2,11 (1133
109 | 80,000 | £,70 |10,988]10,934 1569|5087 | 6,806 | 614|1979 [24.59|79.74 (1042 3350 | 1.e6¢6 1.895 (1385
110 | 50,000 | 2.70 (11,651 (11,628 [1879|eosd | 7,503 | 877[2sme [25.90|83.63 |1334] 4202 | 1.3ee 1.819 57
11 | 80,000 | e.70 | 9,055| o,015] evelesce | 4,256 96| 309 (20.07/ad.01 | 188] 1868 | s5.084 5.0 | e
122 | 80,000 | 2.70 | w,089] 9,979 1eov|zese | 5,338 | 3811130 [e2.14|71.48 | 7o0| 2280 | 1.995 1.991  |1Ms4
113 | eo,000 | 2,70 |10,805|10,783 I 1| 6,450 | ele|lses [e¢.1l}r7.86 |1002| 322¢ | 1.618 1.815 [1348
114 | 850,000 | 2.90 |11,877|11,854 j1912|6163 | v,012 | vee|sevi |es.elfse.70 |13ca| 196 | 1.516 1.812 (186
18 | 80,000 | 3.00 | 9,7%85| 9,622 rese|se4s | ¢,9¢9 | z09| 89 |23.11|es.27 | 7Tsaf 2001 | 2.376 2.334¢ |1071
118 | e0,000 | 1.30 | v,220l10,187f e77]e000 | s,000 | Lse{isor | r.33(71i.47 | 9ee| 3495 | 204 2.520 |[1082
127 | 60,000 | 1,30 | 9,871[10,020| 314|3388 | 6,306 | 170 7.61|74.22 | 318( Sver | 1.882 2,049 (1138
118 | 61,000 { 1.30 ,621111,759 | 3884184 | 7,194 | 213]2305 | 9.268/90.25 | 380| 4545 | 1.782 1.975 |[1ze2
119 | €0,000 | 1.30 |11,438]12,604| 502[6418 | 8,428 | 3353|3508 | 8.esler.20 | s30| e329 | 1.589 1.75% (1s00
120 | 60,000 | 1.30 »984 [15,238 | 8572|6174 | 9,184 | 391l)4225 | v.s0|e3.51 | s4o| 77ee | 1.as8 1.838 [1887
122 | eo,000 | 1.70 | 8,e10| 9,386 soe(17a2 | 4,02« | -26{-g1z | e.ssles.sr | 387| 142 oo oo 920 .
122 | 60,000 | 1.70 | 9,984]10,606( 429(3539 | 6,841 | 1s1|1251 |10.14[78.62 | 399| 3308 | 2.832 2,804 11131
123 | eo,000 | 1.70 [10,780|11,488| E53 (4568 | 4,868 | 25e[2116 |10.67]84.25 | 482] 4245 | 1l.e83 9.008 [1320 -
124 | 60,000 | 1.70 [11,se8(12,322 [ 711[s868 | 8,170 [ 4os|Sz41 |12.21les.08 | ces| sese | 1.e48 1.785 [1651
126 | €0,000 | 1.70 |13,025|1e,812 [ 773|381 | 8,883 | 4613800 |11.41[88.42 | 785] 6998 | 1.724 1.837  |:7084-2930
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Filgure 4. = Effect of altitude on Jet thrust.

Engine speed, N, ipm

ratio, 1.30.
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Net thrust, F,, 1b
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Figure 5. = Effect of altitude on net thrust. Ram-pressure
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Net-thrust specific fuel consumption, We/F,, 1b/(hr)(1lb thrust)
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Figure 9. = Effect of altitude on tall-plipe Indlcated gas
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Figure 15. - Effect of ram-pressure ratio on tail-pipe indicated
gas temperature. Altitude, 30,000 feet.
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Corrected net thrust, F,/6, 1b
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Figure 17. = Effect of altltude on corrected net thrust.
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Figure 18. - Effect of altitude on corrected air consumption.
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Corrected net-thrust specific fuel consumption, We/Fp\@, 1/(hr)(1b thrust)

NACA RM E9127

00 ¥%|5.20

4.4

Altitude

4.0 (rt)

o] (o]

o 10,000

& 20,000

A 30,000

3.6 v 40,000

O 50,000

D 60,000
3.2
2.8
2.4
2.0

Wa

1.6 —

\W
l.2 |
4,000 6,000 8,000 10,000 12,000 14,000

Corrected engine

speed, NAS, rpm
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Corrected tall-cone indicated gas temperature (Rolls-Royce thermocouples), T5'1/9, °r
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Corrected jet thrust, FJ/G, 1b

43

7000 Aﬁ
il
aooo || "SEEIET [
B puu /i
N i
3 238 ! #/d
4000 //// A//
S
o /A
// / .
/¥
J
l020000 6,000 8,000 10,000 12,000 14,000

Corrected engine speed, NA/G, rpm
(a) Corrected jet thrust, Fj/b.

Flgure 22. - Efréct of ram-pressure ratio on corrected jet

thrust. Altitude, 30,000 feet.
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Figure 25. - Effect of ram-pressure ratlo on corrected fuel
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Figure 28. - Effect of jet-nozzle size on jet thrust. Altitude,
30,000 feet; ram-pressure ratlo, 1,30.
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Figure 29. - Effect of Jet-nozzle size on net thrust. Altitude,
30,000 feet; ram-pressure ratio, 1.30.
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Flgure 30. - Effect of Jet-nozzle size on air consumption.

Altitude, 30,000 feet; ram-pressure ratio, 1.30,
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Figure 31..- Effect of jpt-nozzle size on fuel consumption.
X Altitude, 30,000 feet; ram-pressure ratlo, 1.30.
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Net-thrust specific fuel consumption, wf/Fn’ 1b/(hr)(1b thrust)
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Figure 32, - Effect of jet-nozzle size on net-thrust specific

fuel consumption.
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Figure 33. - Effect of jet-nozzle size on tall-plpe indicated
%as temperature. Altitude, 30,000 feet; ram-pressure ratlo,
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